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PREFACE

The need for future coal resources has pro-

duced considerable interest in the exploration

and evaluation of the Upper Freeport coal seam

where it lies deeply buried in southwestern

Pennsylvania. This report is a case study of a

small area in which modern stratigraphic and

sedimentologic concepts have been applied to

evaluate the physical properties of the Upper

Freeport and associated rocks in order to guide

exploration and provide maximum mine-plan-

ning data. It also emphasizes the kinds of infor-

mation necessary to effectively evaluate coal

and associated rocks for mining potential.
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THE ECONOMIC GEOLOGY OF THE UPPER FREEPORT COAL IN

THE NEW STANTON AREA OF WESTMORELAND COUNTY,
PENNSYLVANIA:

A MODEL FOR COAL EXPLORATION

by

Mark A. Sholes,' William E. Edmunds," and Viktoras W. Skema

ABSTRACT

A detailed study of the Upper Freeport coal

and associated rocks (Pennsylvanian) in part

of Westmoreland County, Pennsylvania,

shows how the sedimentology, depositional

history, and structure of the coal can be re-

lated to the economic geology of the coal and

used to construct a model for exploration and

evaluation.

The Upper Freeport coal, the overlying Ma-

honing sandstone, and the lateral equivalents

of both were deposited in an alluvial plain or

upper delta plain setting. The peat that formed

the coal was deposited as a discrete lens in a

2- to 4-mile-wide (3.2- to 6.4-km-wide) swamp
confined by the levees of flanking streams.

The overlying Mahoning sandstone was initial-

ly deposited across the swamp as a crevasse

splay from one of the flanking streams, which

subsequently stabilized and formed a stream

channel that had confining levees, overbank

deposits, and lateral marshes. The Mahoning

sequence was terminated by the Brush Creek

marine transgression.

The coal deposit lies along the crest and

flanks of the Fayette anticline. Two orthogonal

joint systems are developed in the area. These

are joint systems B-B ', striking 135°-50°, and

joint system C-C ', striking 105°-5°.

Economic factors of the Upper Freeport coal

include areal distribution, thickness, partings,

1 Department of Geological Engineering, Montana
College of Mineral Science and Technology, Butte, MT
59701

2
14 Homestead Lane, Camp Hill, PA 1701

1

sulfur content, ash content, continuity, and

characteristics of overlying rocks. Within the

study area, the coal potentially underlies

8,769 acres (13.70 square miles, or 35.48

km 2
). Thickness ranges from 0 to 8.8 feet (0 to

2.7 m), and is typically about 5 feet (1.5 m).

Both sulfur and ash values increase systemat-

ically toward the margins of the coal. Sulfur

ranges from 1.25 to 6.5 percent. Ash ranges

from 4.50 to 16.66 percent. Tonnage calcula-

tions indicate that 29.75 million tons (26.98

million MT) of the coal over 42 inches in thick-

ness remains in the area.

Gas well records (lithologic and geophysi-

cal), which were used as supplementary con-

trol in the Upper Freeport study, also provide

some preliminary information on potentially

valuable lower coal seams. The records indi-

cate thatthe Middle Kittanning coal is the most

economically attractive of these lower seams;

it appears to have a thickness of over 4 feet

(1.2 m) over a substantial part of the study

area.

INTRODUCTION

This study of the Upper Freeport coal in the

New Stanton area of Westmoreland County
(Figure 1) was conducted for four general pur-

poses. The first was to characterize one of the

depositional settings of the Upper Freeport coal

and so provide a depositional model that

should be applicable to the Upper Freeport else-

where. Second, the study of the depositional

setting, when added to subsequent similar stud-

ies elsewhere, will provide a cohesive general

understanding of the Upper Freeport across

1
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Figure

EXPLANATION

1047/3811

Field station

Location of drill hole data. Number represents lati-

tude and longitude (abbreviated minutes and

seconds ).

Measured section in deep mine from ca. 1920 mine

inspector's reports. Size of circle suggests accuracy
of location. Latitude and longitude given for center

of circle.

* 0727/3524 40
o 07'30"—1

1 . Map showing location of study area and data points (for location of gas wells, see Fig-

ure 26).

79°32'30'
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western Pennsylvania. Third, this report is in-

tended to demonstrate general geological con-

cepts and procedures used in modern coal ex-

ploration and evaluation. Fourth, the report is

a specific economic geology study of the Upper

Freeport coal in the New Stanton area.

The Upper Freeport coal was selected be-

cause of its current exceptional importance to

Pennsylvania’s coal resource picture. The New
Stanton site was chosen because it lies adjacent

to the broad, unexplored area of southwestern

Pennsylvania, where the Upper Freeport lies

entirely in the subsurface. An understanding of

the nature and occurrence of the coal here

could be beneficial to its economic development

over a wide region.

The depositional model for the Upper Free-

port and associated rocks was derived by first

determining the correlations and three-dimen-

sional geometry of these rocks from core logs,

surface exposures, mining records, and other

sources. These were supplemented by studies of

primary structures, petrography, and paleon-

tology, and the depositional system that prob-

ably produced this particular geometry was de-

duced by comparison with modern coastal and

deltaic analogs known to produce similar se-

quences.

Because of their importance in mine design

and roof control, features of structural geology

such as folding, faulting, jointing, and major

fracture zones were considered.

One of the additional sources of control data

on the Upper Freeport employed in this study

was the gamma-ray logs of gas wells in the vi-

cinity. In the course of applying them to the

Upper Freeport, some information on lower

coal beds was developed and is included in this

report.

In any integrated exploration and evaluation

of a coal bed, data are collected from core holes

and outcrops in order to provide control points

for prediction of the characteristics of the bed

and associated rocks throughout the area under

consideration. It has been customary to make
interpretations between control points almost

entirely in a mechanical manner. However, be-

cause most of the important economic charac-

teristics of coals and associated rocks are di-

rectly related to the depositional environment

in which they formed, it seems apparent that if

we understand the nature and original geog-

raphy of these depositional environments and

use this knowledge in making our interpreta-

tions, the accuracy and reliability of our results

will be substantially enhanced. In short, for any

given amount of control data, our results will

be better if we also consider the depositional

paleogeography.
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STRATIGRAPHY AND
SEDIMENTOLOGY

GENERAL

The stratigraphic interval studied lies be-

tween the rocks immediately below the Upper
Freeport coal and immediately above the Brush
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Creek coal. This includes the topmost part of

the Allegheny Group and the lowest 100 feet

(30 m) of the Conemaugh Group (Figure 2).

The Brush Creek coal and overlying marine

black shale provide a widespread marker hori-

zon for correlation and mark a distinct change

in conditions of sedimentation.

The Pennsylvanian rocks in western Pennsyl-

vania consist of lenticular to laterally extensive

beds of shale, siltstone, freshwater and marine

limestone, sandstone, claystone, and coal. The

variability of these rocks makes it difficult to

impossible to predict the distribution, thick-

ness, or other characteristics of any given rock

unit, including coal, using simplistic “layer-

cake” stratigraphic concepts. It has long been

recognized that the Pennsylvanian rocks in

western Pennsylvania formed in coastal or

near-coastal environments, such as alluvial

plains, delta systems, lagoonal and barrier-bar

complexes, estuaries, and fresh- or brackish-

water lakes (Rogers, 1858, p. 806; Ashley,

1928, p. 43; Donaldson, 1969). All of these en-

vironments may allow substantial peat accumu-

lation (Donaldson, 1969, 1974; Ferm, 1974;

Frazier and Osanik, 1969), and it is necessary to

determine in which environment any particular

coal formed in order to understand what fac-

tors controlled the extent and quality of that

coal.

Studies of modern areas thought to have

been formed in conditions analogous to the

conditions that existed in western Pennsylvania

during the formation of coal have been made
by Gould and Morgan (1962) and Frazier and

Osanik (1969). Studies of Pennsylvanian coal-

bearing rocks that use modern analogs to inter-

pret the distribution of the rocks have been

made by Ferm and Cavaroc (1969) and Donald-

son (1974). Figures 3 and 4 show examples of

two modern coastal areas that contain deposi-

tional environments analogous to those in

which many of the rocks of western Pennsyl-

vania formed.

The overall three-dimensional geometry of

the Upper Freeport coal and associated rocks in

the New Stanton area, coupled with the absence

of brackish or marine fossils, suggests that the

coal in this area formed in an alluvial to upper

delta plain environment. The Brush Creek shale

contains marine fossils; it accumulated during a

marine incursion following the deposition of

the Brush Creek coal. From the data available

and the limited area studied, it is not possible to

develop a complete regional picture of the Up-

per Freeport depositional system. However, the

alluvial-plain to upper delta plain model is ex-

pected to be applicable in many areas.

The stratigraphy of the Upper Freeport to

Brush Creek interval is most easily described in

three parts: the Upper Freeport coal, the

Mahoning sandstone and equivalent rocks, and

the Brush Creek coal and immediately overly-

ing rocks.

UPPER FREEPORT COAL

Internal Organization of the

Upper Freeport Coal

Five benches of the Upper Freeport coal (Fig-

ures 5 through 7) can be recognized over part of

the study area. Benches 1 through 4 are sepa-

rated by persistent partings. Bench 5 is a bone

coal or coaly shale. Figure 8 shows the aerial

distribution of each of the Upper Freeport

benches. Benches 3 and 4 are the mined benches

(Figure 9), 1 and 2 are too thin to be econom-

ically mined, and 5 is thin and high in ash.

Paleogeography

The peat swamp in which the Upper Freeport

coal formed was 2 to 4 miles (1.2 to 2.5 km)
wide and in excess of 6 miles (3.7 km) long. Be-

yond the limits of the swamp, other sediments

were being deposited (Figure 10). In the wider

part of the swamp to the north, a central high

area of nondeposition divided the swamp into

two separate lobes.

The available evidence suggests that the east

and west limits of the swamp were the overbank

deposits and levees of contemporary streams.

The cross sections show that the coal rapidly

thins and disappears within several hundred

feet at the swamp margins. The gradual in-

crease in the area of the individual coal benches
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Figure

4.
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(actually the increase in size of the peat swamp)

suggests progressive isolation of the area from

sediment-transporting currents such as streams,

and probably the filling of minor depressions in

the area with organic material or mud (Figure

11) to bring the surface of the entire area to

nearly the same level.

The origin of the topographically high area

that splits the swamp to the north is not clear.

Such records as are available, showing the

rocks below the Upper Freeport level, suggest

that this high area may represent the remains of

the western levee confining the stream that

deposited the major sandstone sequence lying

below the Upper Freeport coal.

Streams in coastal areas and deltas do not oc-

cupy the same channels indefinitely, but peri-

odically breach their levees and occupy new

channels having steeper gradients. The Mahon-

ing sandstone above the Upper Freeport coal is

the result of such a channel change.

Margins of the Upper Freeport Coal

The lateral disappearance of the Upper Free-

port coal is not indicated at the surface, but can

be interpreted from drill hole data and is at

least partly shown in one mine heading. In this

heading, at 40°09 '06"N/79°39 '00"W, the coal

loses thickness most rapidly in the top bench

and is replaced laterally by a clay laminite of al-

ternately dark and light bands. The top bench

varies rapidly and irregularly in thickness,

wedging out within several tens of
c
eet. In many

places near the end of the heading, the coal is

overlain by a thin gray sandy bed which appears

to be squeezed upward into a brecciated black

shale. Coal is absent from drill holes east of this

location in the mine. This is interpreted to mean
that the margin of the coal swamp was fairly

well defined throughout its existence but that

during the deposition of the upper bench, the

swamp margin was irregularly encroached upon

along a narrow zone (Figure 1 1). The clay lam-

inite shows no root casts or burrows and does

not contain large amounts of plant debris. This

suggests deposition in an open-water slough,

which was located between the coal swamp and

the levee of the stream to the east.

In outlining the development of the peat

swamp, the increasing area covered by succes-

sive coal benches is important. It is probable

that the limited area of the lowest two coal

benches is related to the original topography of

the area, although the lack of information on

rocks beneath the Upper Freeport coal pre-

cludes testing of this idea. The evidence sug-

gests that the peat accumulated first in topo-

graphic lows and that, as the lows filled, the

area of peat accumulation increased. Partings

between benches resulted from sediment input

from outside the peat swamp, probably during

flood stage in flanking distributary streams

when material was washed across the confining

levees.

Because the Upper Freeport was formed be-

tween stream channels that periodically

changed position, there is always a possibility

that another, completely separate, coal bed

may occur to one side at a slightly higher or

lower stratigraphic position. This, coupled with

the tendency of interfluvial coals to pinch out

very rapidly, can result in serious miscorrela-

tions. The vertical offset could easily be over-

looked and the two separate coals could erro-

neously be considered to be one continuous

coal. This situation occurred along the west

edge of the Delmont mine, as shown in section

C-C ' of Figure 14. Much attention to correla-

tion details is required to avoid errors of this

type. The practice of terminating core drilling

at the target coal also contributed to this prob-

lem. Miscorrelations will frequently become

obvious and can be corrected if coring is reg-

ularly extended 50 feet (15 m) or so beyond the

coal bed being prospected.

Distribution of Chemical Properties

A limited number of chemical analyses pro-

vide data from along the western margin of the

study area that support the concept of a limited

size for the original basin. There is a consistent

increase in ash content toward the west margin

(Figure 12). All coals for which analyses are

given separately by bench show higher ash near

the top and bottom than in the central part of

the coal interval (Figure 12). The ash content is
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Figure 11. Possible explanations for some variations in the coal and parting distribution in the

Upper Freeport coal, (a) Possible explanation for locally thick parting above bench
1. (b) The coal disappears laterally in an irregular manner, losing thickness mainly
from the top bench. The diagram suggests that the thinning may have occurred be-

cause an open channel formed between the swamp and the levee to the east.
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Figure 12. Distribution of ash in the Upper Freeport coal. The limited data show a definite in-

crease in ash content at the western border of the coal body. The increase in ash in

the northwestern and northeastern areas suggests that the coal may pinch out in

those areas, also.
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Figure 13. Distribution of sulfur in the Upper Freeport coal. Contours are based on limited data,

but they do show increase in sulfur content at the western margin of the coal body.
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a measure of detrital influx into the coal swamp

(Frazier and Osanik, 1969, p. 78). It is reason-

able that more detrital material would be car-

ried into the margins of the swamp during the

time when the swamp w'as forming and later

while it was being destroyed. The high-ash coal

or bony coal bed at the top of the Upper Free-

port coal in this area suggests that the coal

swamp was already deteriorating when it was

buried by the overlying sediments, or that the

uppermost layer represents the last plants in the

swamp mixed with the first sediment of the in-

flux that finally destroyed the swamp. It ap-

pears that increased ash content is a useful cri-

terion for predicting proximity to the margin of

a coal body.

Sulfur content follows the same distribution

pattern as ash (Figure 13); however, it is not

clear why sulfur should increase toward the

margin of the basin. Guber (1972) shows that

high sulfur content in shale and coal is to be ex-

pected in areas where fresh and marine water

mix, but there is no evidence suggesting that

this was happening in the New Stanton area

during the deposition of the Upper Freeport

coal. No fossils indicating brackish or marine

water were found near the Upper Freeport coal.

Possibly the high sulfur content at the margins

of the coal body is related to the chemistry of

mixing fresh water from the flanking distribu-

tary stream with acidic water of the swamp, or

even to postdepositional factors not directly re-

lated to sedimentological controls.

MAHONING SANDSTONE AND
LATERALLY EQUIVALENT ROCKS

General Characteristics

The Upper Freeport coal is overlain by the

Mahoning sandstone, which ranges in thickness

from 0 to 91 feet (28 m) and which usually lies

either directly on the coal or on a few feet of

claystone above the coal. Cross sections (Figure

14) and the isopach map of the Mahoning sand-

stone (Figure 15) show that the sandstone is an

east- and west-thinning body that is convex up-

ward in shape. The fact that the sandstone and

the coal have very nearly the same geographic

limits suggests a relationship between the ex-

tents of the coal and the sandstone.

The Mahoning sandstone is generally fine to

medium grained and poorly sorted. In outcrop,

the lower beds are thick and become thinner up-

ward, and the sandstone is coarsest near the

base and becomes finer grained upward. Up-

ward fining is also suggested by gamma-ray

logs of gas wells. Such sequences are typical of

fluvial deposits but are not unique to them.

The Mahoning sandstone is composed main-

ly of large trough crossbeds. When viewed

parallel to crossbed dip, some outcrops appear

to be composed of tabular crossbeds dipping at

angles up to 20 degrees. Each bed is composed

of laminae dipping in the same direction as the

beds. At other locations, essentially horizontal

beds 2 to 4 feet (0.7 to 1.3 m) thick are com-

posed of apparently tabular crossbeds. Where

the outcrop is oriented transverse to the dip of

the crossbeds, the troughs are apparent (Figure

16). Most of these lenticular scoured channels

are 10 to 30 feet (3 to 9 m) wide, but a few are

much larger (Figure 16). The crossbeds dip

mainly north and east (Figure 15). The implica-

tion is that the stream that deposited the

Mahoning sandstone flowed generally north-

ward. As the Mahoning sandstone narrows up-

ward, it grades laterally into various claystones,

siltstones, sand-silt laminites, local coals, and

freshwater limestone (Figure 14).

Paleogeography

The shape of the sandstone body, the sedi-

mentary structures present, the varied sorting

of the sandstone, and the abundance of internal

channeling suggest that the sandstone formed

as a fluvial deposit. The lack of extensive coal

cutouts and of a basal conglomerate containing

coal and claystone clasts suggests minimal ero-

sion during the deposition of the sand body.

The evidence also suggests that sand was depos-

ited rapidly into the shallow basin containing

the Upper Freeport peat swamp, building out-

ward as lobes which compacted the peat. Some
finer grained elastics were deposited beyond the
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Figure 15. Isopach map of the Mahoning sandstone.
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Figure 16. Crossbedding in the Mahoning sandstone at the Hunker Steam Coal Company's Reed
mine. Thick beds of sandstone at the base are overlain by thinner beds of sandstone.
In the upper photograph, a large apparent channel cut-out is shown, whereas in the
lower photograph, numerous medium-sized sets of trough crossbeds are visible.
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limits of the sand lobes, producing the thin

claystone that often directly overlies the coal

bed.

In a few areas, long, sinuous lenses of clay-

stone up to 15 or 20 feet (4.5 or 6 m) thick and

up to a few hundred feet wide separate the coal

and sandstone. These lenses occur well out into

the middle of the peat swamp and are oriented

approximately parallel to the depositional axis

of the sandstone. Where observed in outcrop

(at 4 1
°

1 1 '21 "N/39°37 '43 "W), the claystone

appears to be fairly regularly bedded and the

sandstone conformably draped over the lens.

Because of this, these lenses are taken to be pri-

mary features and not erosional remnants of an

originally widespread, thick claystone bed, nor

the result of postdepositional compaction. Ten-

tatively, they are interpreted as levees, which

temporarily formed along the flanks of the for-

ward-building sandstone lobes and which were

overrun and buried by later sand influx.

The characteristics of the Mahoning sand

body suggest that it formed initially as a cre-

vasse splay from one of the flanking streams.

Deposition was confined mainly to the area of

the Upper Freeport peat swamp. An initially

steep gradient provided by the rapidly compact-

ing peat permitted a large initial inflow of water

and sediment, but as the basin filled and the

new channel built forward, the flow decreased

and finer material was deposited adjacent to an

ever narrowing, sand-carrying stream, produc-

ing well-developed channel levees and overbank

deposits. Sand deposition ceased entirely once

this basin was filled, and the stream was di-

verted into another area by a channel having a

steeper gradient.

Concomitant with the decrease in deposition

of the Mahoning sandstone, increasing

amounts of fine clastic sediment, carbonates,

and some coal were deposited laterally in the

study area. The distribution of sediments is

shown in cross sections (Figure 14) and in sedi-

ment distribution maps (Figure 17, 18, and 19).

There is a clear progression from rapid, wide-

spread deposition of sandstone above the Up-

per Freeport coal toward formation of the peat

swamp of the Brush Creek coal. After the early

stages of deposition, the floodplain and levee

deposits increase in size at the expense of the

channel. A zone of coal, bony coal, limestone,

and red claystone approximately in the middle

of the interval (Figure 18) shows that conditions

were laterally conducive to peat accumulation.

Sandstone has almost completely disappeared

in the interval just below the Brush Creek coal

(Figure 19), suggesting that active high-energy

streams no longer flowed through the area.

A block diagram (Figure 20) has been con-

structed to show the relationship between the

rocks portrayed in cross section and the deposi-

tional environments in which they are inter-

preted to have formed. This diagram illustrates

the complex relationship of laterally equivalent

sediments. At any given time there existed a

variety of different sediments, and, as time

passed, these sediments shifted laterally due to

the controlling factor of a dynamic stream sys-

tem. The end result, when viewed in cross sec-

tion, is a series of continuous beds that seem-

ingly occupied much more area at any instant

of time than they did in actuality.

Roof Rock Conditions

Safety, mine design, mining economics, and

coal recovery are strongly influenced by the na-

ture of the roof rocks overlying the mined coal

seam. In the New Stanton area, adequate infor-

mation was available on the Upper Freeport

roof rocks, and in addition, the active Delmont
mine was the source of factual information on

roof problems.

Throughout most of the New Stanton area,

the Upper Freeport coal is directly overlain by

the Mahoning sandstone or separated from the

sandstone by a few feet of clay shale (Figures 21

and 22). In addition, the bony upper bench

(bench 5, Figure 7) is generally not mined.

Where the sandstone directly overlies the Upper

Freeport coal, there appears to have been rela-

tively little erosion of the coal, as shown by the

widespread presence of the upper bone coal

bench (bench 5) and the absence of coal frag-

ments in the basal sandstone. The coal bed may
be squeezed below the irregular lower surface



STRATIGRAPHY AND SEDIMENTOLOGY 31

0 4000 8000 12000 Feet

0 12 3 Kilometers

Figure 17. Distribution of rock types and interpretation of depositional environments of the
horizon 10 feet above the Upper Freeport coal.
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Figure 18. Distribution of rock types and interpretation of depositional environments of the

Mahoning coal horizon. The surface shown is not parallel to the top of the Brush

Creek coal, but varies vertically to take into account the estimated effect of paleo-

topography.
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Figure 21. Contact between coal and the overlying Mahoning sandstone at the Hunker Steam
Coal Company's Reed mine. The coal is locally crushed by the overlying sandstone.

of the sandstone, but it is rarely cut out. Gen-

erally, roof bolts can be securely anchored in

the sandstone to provide good roof support.

Three situations that produce unstable roof

conditions have been encountered in the cur-

rently active Delmont mine. As discussed pre-

viously, the margins of both the Upper Free-

port coal and the Mahoning sandstone are more

or less coincident. Where the sandstone thins

and grades laterally into mechanically weaker

lithologies along these margins, elongate zones

of weak roof develop (Figure 22). This situation

appears to be similar to that described by Kent

(1974, p. 7 and 8), in which the inherent weak-

ness of these marginal shales and laminites is

strongly enhanced through additional deforma-

tion by lateral compaction against the adjacent

sandstone body during regional folding.

The second source of persistent roof falls oc-

curs in areas where the coal is overlain directly

by the long, sinuous lenses of claystone that

parallel the main depositional axis of both the

Upper Freeport coal and the Mahoning sand-

stone (Figure 24). These claystone belts are 15

to 20 feet (4.5 to 6 m) thick and up to a few

hundred feet wide. Roof collapse does not take

place immediately, but after exposure to the at-

mosphere the claystone tends to detach up to

the overlying sandstone.

Inasmuch as these lenses occur toward the

center of the coal deposit and tend to align

themselves with the long axis of the coal body,

there is a distinct possibility that a main head-

ing could be accidentally designed so that it lies

directly below, causing constant operational

difficulties. Because of their narrowness, these

sinuous claystone bodies would be very difficult

to pick up in exploratory drilling. However,

should any core hole encounter an unusually

large thickness of claystone above the coal well

out toward the center of the coal body, the

presence of one of these lenses should be sus-

pected.

A third type of weak roof condition was en-

countered in several areas of the mine where the

coal is directly overlain by sandstone. This
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development could be a result of sandstone that

has weakly cemented grains, thin shaly beds

that have shaly or micaceous partings, or abun-

dant coal laminae (Moebs, 1977).

The general alignment of regional folding

and one joint direction (Figures 23 and 24) with

the long trend direction of each of the three

roof problems discussed above has probably ac-

centuated roof failure.

BRUSH CREEK COAL AND
OVERLYING ROCKS

The Brush Creek coal is too thin to be eco-

nomically minable in the study area and is lo-

cally absent where the Mahoning sandstone is

thickest. It is locally up to 3 feet (0.9 m) thick,

but is more commonly about 1 foot (0.3 m)
thick. Inasmuch as the coal is overlain by shale

containing marine fossils, it is probable that the

coal formed as a narrow, transgressive coastal

swamp of the type suggested by Edmunds

(1968, p. 32). At the tollgate of the New Stan-

ton interchange of the Pennsylvania Turnpike,

the marine shale over the Brush Creek coal

grades upward into fine-grained sandstone that

has very low angle crossbeds. This sequence

resembles a beach or coastal-bar deposit. A few

hundred feet away, the marine shale and the

Brush Creek coal are laterally replaced by com-

plexly crossbedded and locally flaser-bedded

sandstone. No erosional contact between the

coal and the sandstone was visible. The sedi-

mentary structures and the convex downward
shape of the sandstone suggest that it was

deposited in a cutout of the Brush Creek coal

and shale rather than that the coal and shale

pinched out against a topographic high.

STRUCTURAL GEOLOGY

FOLDS

The general structure of western Pennsylva-

nia is fairly simple, consisting of northeast-

southwest-trending folds that have maximum
dips of less than 5 degrees. The New Stanton

area lies along the crest of the Fayette anticline

(Figure 23); the beds dip northwest toward the

Port Royal-Elders Ridge syncline and southeast

toward the Uniontown-Latrobe syncline.

The Greensburg syncline and Grapeville-

Jacksonville anticline, which are located be-

tween the Fayette anticline and the Port Royal-

Elders Ridge syncline to the north, seem to

disappear a very short distance south of

40°15 '00". There appears to be no evidence for

their southward continuation as shown in Wag-
ner and others (1975) or, to a lesser degree, in

Campbell (1903).

JOINTING

Analysis of 105 joint readings (Figure 24) in-

dicates that there are four principal joint sets in

this area, as follows:

Joint set B—strikes between 130° and 140°

Joint set B '

—

strikes between 40° and 60°

Joint set C—strikes between 90° and 120°

Joint set C '—strikes between 350° and 20°

Joint sets B and B ' compose one orthogonal

system and sets C and C ' are a second system.

These two sets appear to correspond closely to

systems B-B' and C-C ' shown by Nickelsen

and Hough (1967) for this area, and for that

reason the set nomenclature of Nickelsen and

Hough has been employed.

Coal cleat in this area closely approximates

joint system C-C' and is termed joint system

I-I ' of Nickelsen and Hough.

From the standpoint of roof stability, the

most advantageous orientations for main mine

headings would be approximately 155°

(S25E-N25W) or 075
0 (N75E-S75W).

UPPER FREEPORT COAL
RESOURCES

Thickness, line of outcrop, mined areas, and

thickness control points for the Upper Freeport

coal in the New Stanton area are shown in

Figure 25. For the purpose of making resource

estimates, only Upper Freeport benches 3 and 4

(see Figure 5) were included. Past and current

mining practice indicates that benches 1, 2, and

5 are not usually extracted. The ash and sulfur
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N

Figure 24. Diagram showing orientation of joints in the New Stanton area, based on 105 mea-
surements. Although joints often control areas of weak roof, they do not appear to
be a major factor in controlling the areas of weak roof above the Upper Freeport coal
in the New Stanton area.
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content of benches 1, 2, and 5, coupled with

the additional ash introduced from the partings

separating them from benches 3 and 4, make
mining economically impractical.

Resource calculations as of January 1, 1976,

for an area of 21,065 acres (32.91 square miles,

or 85.24 km") bounded as shown on Figure 25,

are given in Table 1. Definitions of terms are as

given in the standard U. S. Bureau of Mines-

U. S. Geological Survey coal resource classi-

fication system (U. S. Bureau of Mines-U. S.

Geological Survey, 1976). Specifically,

“measured” resources are those lying within 'A

mile (0.4 km) of a data control point, “indi-

cated” resources lie between lA mile and Vi

mile (0.4 and 0.8 km) from a control point, and

“inferred” resources lie beyond Vi mile (0.8

km) from a control point.

The figures in Table 1 were obtained by using

a “point count” system to determine the area

of each category (see Wells, 1972) and multiply-

ing the areas by 1,800 tons/acre-foot (1.32

MT/m 5

) of coal. A total of 675 points was

counted within the 21,065-acre (32.9-square-

mile, or 85.2-km
2

) area, giving each point a

value of 31 acres (12.5 ha). Within the 21,065-

acre area, 19,754 acres (31.8 square miles, or

80.0 km") was potentially underlain by the Up-
per Freeport; the remainder was beyond the

outcrop. Within the area potentially underlain

by Upper Freeport, the Upper Freeport was ab-

sent by nondeposition across 5,430 acres (8.48

square miles, or 21.96 km 2

). In addition, 5,555

acres (8.68 square miles, or 22.48 km 2

) was

mined out as of January 1, 1976. Therefore, an

area of 8,769 acres (13.70 square miles, or 35.48

km") is potentially underlain by the coal. At its

greatest depth the Upper Freeport is approxi-

mately 800 feet (240 m) below the surface.

It should be noted that a substantial part of

the 29.75 million tons (26.98 million MT) of

coal over 42 inches (107 cm) thick (especially in

the measured and indicated categories) lies ad-

jacent to the currently active Delmont mine and

in a narrow strip between the western area of no

coal and the extensive mined-out area of the

Delmont, Greensburg no. 4, and Beck mines.

In addition, much of the remainder lies in a

block in the east-central part of the study area

where control points are lacking. The thickness

lines are projected through this area, but should

the zero-coal line actually deflect strongly to the

west, much of this possible coal would be elimi-

nated, as would some of the 44.06 million tons

(39.96 million MT) in the over 28-inch (71-cm)

category.

DATA FROM GAS WELLS AS
AN EXPLORATION TOOL

There has been considerable drilling for gas

along the Fayette anticline in the New Stanton

area. Data collected during the drilling of these

wells were employed as a supplemental control

on the distribution of the Upper Freeport coal

and also in a preliminary exploration study of

coals below the Upper Freeport. The types of

data available were drillers’ logs, geophysical

Table 1 . In-Place Upper Freeport Coal Resources of the Area Shown on Figure 21 in Millions of

Short Tons (as of January I, 1976)

Measured Indicated

Demonstrated

(measured +
indicated) Inferred

Total

(measured + indi-

cated + inferred)

56 ” + 1.04 0.27 1.31 1.90 3.21

42 "-56" 12.10 7.76 19.86 6.68 26.54

28 "-42" 4.49 5.72 10.21 4.10 14.31

14 "-28" 0.72 2.33 3.05 1.18 4.23

0 "- 1 4
"

0.03 0.20 0.23 0.39 0.62

56" + 1.04 0.27 1.31 1.90 3.21

42" + 13.14 8.03 21.17 8.58 29.75

28" + 17.63 13.75 31.38 12.68 44.06
14" + 18.35 16.08 34.43 13.86 48.29
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logs, and several detailed geologists’ logs. This

information was supplemented with a few logs

of cored holes drilled down to the Middle Kit-

tanning coal (Figure 26).

Under favorable conditions many character-

istics of the coal beds and surrounding rocks

can be obtained from geophysical logs alone.

These include identification, correlation, thick-

ness, and quality of coal seams, along with

evaluation of lithology, moisture content, and

mechanical strength of other rocks. Much re-

cent work in developing the interpretive tech-

niques needed has been done by Bond and

others (1969) and Tixier and Alger (1970). Coal

exhibits properties that generally show clearly

on most geophysical logs. Density and sonic

logs show the most striking response to coal,

and these two logs separately or in combination

with other logs give the best results.

Unfortunately, only the gamma-ray log is

made throughout the entire depth of most gas

wells. Other types of geophysical logs are taken

only in the deeper, gas-producing zones and so

start well below the coal beds. The gamma-ray

log records natural radioactivity related primar-

ily to the content of potassium, uranium, and

thorium, which are concentrated mostly in

clays. Rocks low in clay content such as sand-

stones, limestones, and clean coals are easily

distinguishable from claystones and clay shales.

Characteristics of sandstone bodies such as

gradual fining-upward and coarsening-upward

trends are also readily apparent. These features

of the gamma-ray log make it a good tool for

correlation and may suggest depositional envi-

ronments of sandstones.

For identification and thickness determina-

tion of coals, the gamma-ray log is not the ideal

geophysical log. Thin, non-clayey rocks, such

as sandstones and limestones, would react

much the same as coal. Also a coal having sand-

stone both above and below it would go unno-

ticed. On the other hand, a coal very high in

clay content underlain by a claystone and over-

lain by a shale might also be missed. In some
cases uranium can be chemically concentrated

in coals, thus giving an unusually high radioac-

tivity reading on the gamma-ray log (Tixier and

Alger, 1970).

These problems are compounded by the fact

that the quality of the logs was not consistently

good and in some cases was very poor. Time

constant and logging speed were variable in

most of the wells as the logging device passed

through the coal-bearing sections. In general

the speed in this zone was fast, mostly 20-60

ft/min, and the time constant ranged from 1 to

3 seconds. This speed and time constant is ac-

ceptable in high-radiation formations. How-
ever, in low-radiation zones, such as where

sandstone, limestone, and coal are interbedded,

slower speeds and longer time constants are

needed to obtain satisfactory results. Good log

quality is essential if the subtle differences be-

tween these lithologies are to be picked up on

the gamma-ray log. In a few extreme cases,

where speed was excessive, flat, nonresponsive

curves were recorded. There were also abnor-

mally high radiation readings on a few of the

logs, indicating either malfunctioning equip-

ment or poor logging techniques. In general,

the quality of logging was not good enough to

enable a precise, quantitative interpretation of

lithology.

These limiting factors in the data make a

study based entirely on the gamma-ray logs in-

conclusive. However, when combined with

drillers’ and geologists’ lithologic logs along

with some core hole data, the results are im-

proved appreciably. Drillers’ and geologists’

descriptions of the drill cuttings, produced as

the well is drilled, give only approximate thick-

ness values. They do, however, give good indi-

cation of the presence of coal and its depth.

This information will show the existence of

coals that were obscured on the gamma-ray log

and, more importantly, will often confirm that

a sharp, low-radioactivity response on the curve

is coal. In this case reliable thickness infor-

mation can usually be obtained from the

gamma-ray log. Using this combination of logs,

estimates of the distribution and thickness of

the Upper Freeport coal in the study area com-

pared well with nearby mine and cored hole

measurements.

Cross sections using all available gas well

data that had core and surface control were

constructed (Figure 27). They suggest that some
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of the deeper coals in the section may be poten-

tially minable and would be worth testing. The

most attractive of these is the Middle Kittan-

ning coal. It is distributed through much of the

area and seems to have a minable thickness

(Figure 28). This is especially true in the north-

eastern part of the study area, where the coal

consistently measures about 4 feet (1.2 m)

thick. A geologist’s lithologic gas well log and

three cored hole logs drilled for a Pennsylvania

Department of Transportation project verify its

presence in this area. Mention of a thick coal at

this same horizon to the north is made in

Johnson (1925). A strong low-radioactivity re-

sponse on the gamma-ray logs taken in the

northeast suggests that the coals have a low ash

content; however, visual inspection of the Mid-

dle Kittanning cores showed a number of thin

pyrite partings. In view of these facts, the Mid-

dle Kittanning coal, especially in the northeast,

seems to be the best target for any future ex-

ploration of the deeper coals in the area.

Coal at about the Lower Kittanning horizon

is frequently mentioned in the drillers’ logs.

However, it is not always recognizable in the

gamma-ray logs and is difficult to correlate

from well to well. In some wells there seems to

be more than one coal at this horizon. On the

cross section the Lower Kittanning appears to

be a group of discontinuous coals, some of

minable thickness, which may be correlated

throughout the area only as a multibed com-
plex. Much more detailed information is neces-

sary to evaluate the true economic potential of

this coal.

A strong response on the gamma-ray log that

could indicate a good coal is often picked up at

about the horizon of the Upper Mercer. How-
ever, these responses are not often verified as

being coal by drillers’ logs, nor do they

correlate well.

Other coals were encountered, but none

seemed persistent in distribution or thick

enough to be of economic interest.

CONCLUSIONS AND
APPLICATIONS

The Upper Freeport coal in the New Stanton

area was deposited as a peat swamp confined

between two braided-river channels or distribu-

taries. The general depositional setting is be-

lieved to have been a braided alluvial plain or

upper delta plain. The swamp was 2 to 4 miles

(3.2 to 6.4 km) wide and over 6 miles (9.7 km)
long. In the wider part, a central topographical-

ly high area divided the swamp into two

separate lobes.

The Upper Freeport swamp was periodically

inundated by flooding of the bounding streams,

resulting in widespread thin clastic partings

within the coal. The swamp was terminated by

crevassing and permanent diversion of one of

the bounding streams into the swamp. This di-

verted stream deposited the Mahoning sand-

stone, which overlies the Upper Freeport coal.

Initial deposition of the Mahoning sandstone

was as a vast crevasse splay, but subsequently

the stream narrowed and developed bounding

levees, and other laterally equivalent deposits,

such as the Mahoning coal swamp and calcare-

ous marshes, were formed. Marine transgres-

sion caused deposition of the Mahoning fluvial

complex to cease, and marked the onset of dep-

osition of the Brush Creek coal, Brush Creek

fossiliferous marine shale, and other coastal de-

posits.

Some significant economically important

characteristics of the coal associated with this

depositional model are:

1) The coal pinches out very rapidly along

the margins, usually going from near full de-

velopment of 4 to 5 feet (1.2 to 1.5 m) to zero

within several hundred feet.

2) Thin, lower benches of the coal tend to be

confined to the center of the original swamp.
Loss of lower benches occurs toward the

swamp margin.
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3) Ash content increases toward the swamp
margin.

4) Sulfur content also seems to increase

toward the limit of the coal swamp, although

the reason for this has not been determined.

5) The roof rock produced by this type of

depositional sequence appears to be generally

strong and stable sandstone. Potential areas of

weak roof can be expected to develop along the

margins of the coal body where the sandstone

thins and grades laterally into less competent,

finer grained lithologies. Locally, some narrow,

sinuous bands of thick claystone can be found

overlying the coal well out into the center of the

basin. These produce long areas of weak roof

and would be particularly serious if a main

heading were aligned with them. Because of

their narrowness, these elongate claystones

could be easily missed in exploratory drilling.

However, should any drill hole pick up an ab-

normal thickness of claystone over the coal, the

presence of one of these sinuous lenses should

be suspected.

6) The sandstone overlying the coal in this

type of deposit becomes less extensive upward.

In general, there is a tendency for both the main

axis and widest margins of the sandstone to ap-

proximately parallel the main axis and margins

of the underlying coal body.

7) Because coal bodies, such as the Upper

Freeport in this study, are formed between

stream channels that periodically switch posi-

tion, care should be exercised to recognize the

possible existence of other completely separate

coal lenses which may occur to the side and

slightly above or below the deposit being

studied. These are frequently misinterpreted as

being part of the main coal body. Such a mis-

correlation can easily result in great overestima-

tion of reserves and anticipation of mining con-

tinuity that is not feasible.

Because of the wide variety of potential dep-

ositional settings that can occur in a general

coastal setting, no single model can be expected

to apply to all coal deposits or even to any par-

ticular coal horizon everywhere. However, the

upper delta plain-alluvial plain model de-

veloped in this study is expected to be frequent-

ly characteristic of coals occurring at the Upper

Freeport position throughout much of south-

western Pennsylvania. The general character of

Lower Freeport and Upper Kittanning coals

suggests that this model may often be relevant

to them as well.

Because the development of a depositional

model relies heavily upon a clear understanding

of the correlation and three-dimensional geom-

etry of both the target coal bed and surround-

ing rocks, it is usually very desirable to have in-

formation on the rocks underlying the coal bed

as well. Therefore, drilling should extend at

least 50 feet (15 m) below the coal bed in ques-

tion, if at all possible.

Gas well records, especially gamma-ray logs,

were found to provide useful supplemental con-

trol on the Upper Freeport coal and associated

rocks. In addition, even when used alone, the

gas well logs were valuable in preliminary ex-

ploration for deeper coal beds. Because gam-

ma-ray logs alone cannot distinguish coal from

sandstone or limestone, they must be supple-

mented by lithologic logs; but, where this can

be done, certain coal beds are widely traceable,

and good preliminary estimates of thickness

and ash content can be made.

Gas well data show the presence of several

coal beds below the Upper Freeport. In particu-

lar, the Middle Kittanning coal, which has an

apparent thickness of over 4 feet (1.2 m) across

a wide area, seems to have substantial economic

potential.
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